Muscarinic acetylcholine receptor immunoreactivity in the amygdala--I. Cellular distribution correlated with fear-induced behavior.
This study examined the distribution of muscarinic acetylcholine receptor-immunoreactive neurons in the amygdaloid complex of the rat, with emphasis on the central nucleus. The monoclonal antibody M35 raised against purified muscarinic acetylcholine receptor protein was used to visualize muscarinic acetylcholine receptor-immunoreactive cells. Muscarinic acetylcholine receptor immuno-reactivity was high in the central nucleus and low to moderate in all other regions of the amygdaloid complex. Within the central nucleus, the muscarinic acetylcholine receptor-immunoreactive neurons were found predominantly in the lateral subdivision. This region contained medium-sized neurons (largest diameter ranging from 10 to 15 microns), with a round or slightly ovoid cell shape. At the subcellular level, however, the labeled neurons revealed relatively few muscarinic acetylcholine receptor-immunoreactive postsynaptic densities. Immunofluorescent double-labeling demonstrated that nearly all of the muscarinic acetylcholine receptor-immunoreactive neurons (98.6%) in the central nucleus expressed abundant amounts of nicotinic acetylcholine receptors, further substantiating the cholinoceptive character of these cells. In addition, the vast majority of these muscarinic acetylcholine receptor-immunoreactive neurons (94.3%) were GABAergic neurons. The muscarinic acetylcholine receptor-immunoreactive neurons expressed moderate levels of protein kinase gamma, one of the likely intracellular mediators between muscarinic acetylcholine receptors and their elicited physiological response. The number and staining intensity of muscarinic acetylcholine receptor-immunoreactive neurons in the central nucleus varied dramatically among rats. This individual variation correlated positively with the rat's expression of conditioned immobility and correlated negatively with active shock avoidance performance. These results suggest that the GABAergic/cholinoceptive neuronal elements in the central nucleus are involved in the expression of fear-induced behaviors. This interpretation is further elaborated in a forthcoming paper.